Gas phase reactions are of fundamental interest in smoke chemistry. Many types of reactions and decompositions have been characterized. However, one type of reaction, the charge transfer process, is very difficult to characterize by conventional means. Methods have been developed using a four sector tandem mass spectrometer for chemical characterization of charge-reversal charge transfer reaction products. This is accomplished by operating two of the sectors of the instrument in the negative ion mode and the other two sectors of the instrument in the positive ion mode with inert gas collision at the interface to facilitate charge transfer. For example if a negatively charged ion generated and selected in MS I is collisionally activated at the interface and the products are analyzed with MS IT in the positive ion mode, then only chemical species generated in charge-reversal charge transfer processes of the original parent anion are identified. This technique has been applied to fundamental studies of model compounds including fatty acids, solanesol, sugars and humectants. 
Clectronique ntgatif ('negatif ion mode') et les deux autres secteurs sous un mode Clectronique positif ('positif ion mode'); a I' interface une collision avec du gas inerte facilite le transfer de charge. Si par exemple un ion negatif, gCnere et fractionne au moyen du spectromf:tre de masse I est active par la collision a !'interface et analyse au moyen du spectrometre de masse II sous un mode electronique positif, ne sont identifiks que les substances chimiques qui chaient generees a partir de l'anion original au moyen du systeme de transfer de charge. Cette technique a ete applique aux etudes fondamentales sur les compos& models, comprenant les acides gras, le solanesol, les glucides et les humectants.
INTRODUCTION
Gas phase reactions are of fundamental interest and importance in smoke chemistry. Many types of reactions and decompositions have been characterized. However one type of reaction, the charge transfer process, is very difficult to characterize. Certainly charged moieties exist in the aerosol associated with smoke and considering the diversity of material in the aerosol, it is quite possible that these types of reactions are occurring.
Mass spectrometry has been shown to be a useful tool for observing charge transfer processes. Typically mass spectral studies revealing charge transfer have involved fundamental studies of specific reaction mechanisms (1,2} and characterization of processes occurring in multistage mass spectral experiments in ion trap mass spectrometers (3, 4) . Also charge exchange has been used for selective ionization (5, 6) and is the operative mechanism for the neutralization step in neutralization reionization experiments (7) . Much of the literature to date is related to relatively non polar materials with conventional electron impact used as the initial ionization mode. This form of ionization creates odd electron open-shelled ions which have substantially different reactions and decompositions than dosed-shelled ions formed by polar materials. Ionized polar molecules would likely be of greater pertinence in smoke chemistry. A particularly interesting and challenging form of charge 96 transfer is the so called charge reversal process in which not only is the charge transferred but in the process product ions are created from the original parent which have the opposite polarity of the parent (8-13}. The spectra of these unique product ions have been useful both for mechanistic and structural characterization studies. The limited number of reports of this phenomenon reflect that several classes of compounds are capable of such reactions but wide spread investigation has been inhibited by the fact that highly specialized tandem mass spectrometry experiments are required to detect the reverse polarity products. The primary goal of the present research was to investigate, through the use of model compounds, the propensity of classes of compounds of interest in smoke chemistry to undergo charge reversal reactions and products formed in such processes. Since this is not a routine experiment, it was also necessary to develop instrumentation methods for accomplishing such an analysis using a reverse geometry four sector tandem mass spectrometer. Mass spectral analyses were performed using a JEOL SX 102/ SX 102 tandem mass spectrometer system. This is a four sector instrument in which both MS I and MS ll are double focussing reverse geometry instruments. The instrument is based on ion optics developed by Matsuda and is designed with quadrupole lensing for enhanced transmission and sensitivity (14) . The instrument is equipped with two collision cells, one in the first field free region and the second at the interface between MS I and MS ll. For all experiments either positive or negative ion fast atom bombardment (FAB) ionization with xenon at 6 KeV and 10 mA emission was used as the ionization mode. Glycerol and propylene glycol samples were deposited neat on the F AB probe tip for direct probe F AB analysis. Other samples were treated with appropriate matrix and deposited on the FAB probe tip. Matrices included triethanolamine (TEA) for the acids, glycerol for the sugars, and nitrobenzyl alcohol (NBA) doped with Li+ for the solanesol. A cation dopant such as lithium is used because solanesol does not protonate to an appreciable extent under FAB conditions. Other source conditions included ambient temperature, resolving power of ea. 1000, and full accelerating voltage of 10 KeV.
To observe charge exchange processes the desired parent ion, usually (M + H)+ or (M-H)'ion, was selected by ftxing the magnet and ESA of MS I to pass only the desired ion, collisionally activating the ion with helium at ea. 75% beam reduction in the collision cell between MS I and MS 11, then scanning MS II in the opposite polarity in a BIE linked scan to obtain ftrst generation product ions of the opposite polarity as the parent ion. The only significant difference in this experiment from the conventional tandem product ion experiment is that MS I and MS 11 ace operated simultaneously in opposite polacities. A modest modification of the circuitry of the instrument was required to enable simultaneous operation in this fashion. Spectra were recorded in an accumulation mode by the detector of MS 11. Typical acquisition times were 10 minutes per sample and all data were processed using the DA 6000 data system. All spectra shown ace raw profile data as no spectral smoothing or background subtraction techniques were applied.
RESULTS
The instrumental conditions and procedures for performing the charge reversal analysis were established using the FAB desorbed cesium iodide anion of m/z of 906 which yielded the positive product ions of m/z of 653, 393 and 133. Since these ions ace known cesium iodide cations, the results confirmed that the instrument was indeed functioning to detect the phenomenon of interest. The charge transfer occurred as the result of collision of the selected parent with helium at the interface between MS I and MS D. FAB was selected as the mode for ionization foe this and subsequent experiments as it involves the desocption of preformed ions and hence is the ionization choice which is the more realistic analogy to ion formation in the smoke aerosol. Once proper instrument function had been established, fatty acids, sugars, solanesol, and humectants were examined for their propensity to undergo charge transfer. All demonstrated some capability for such reactions. In general for the compounds studied, negative ions seemed to yield a significant contribution of positive ion products as evidenced by the abundance of product ions and low background in the positive ion product spectrum. Although spectral evidence was obtained for negative ion products from positive ion precucsocs, the ion abundance as compared to background appeared to be less than for the negative ion cases. The specific results are most interesting and are not necessarily in the realm of conventional mass spectrometry interpretations as outlined by MCLAFFERTY (15) .
Fatty Acids. The (M-H)-anions of stearic, oleic, linoleic, eladic, palmitic, palmitoleic, palmiteladic, tcans-2-hexenoic acid, tran~heptenoic acid, trans-2-octenoic acid and undecylenic acid were examined for positive product ions. The positive product ion spectra (Figures 1 and 2) foe the C18 and C16 acids are quite similar to each other, ie. they contain the same series of ions, and ace very different from the anion product ion spectra for these acids which ace characterized by charge-remote fragmentation (16,17}. That these spectra are well defmed with unit mass resolution is a function of performing the experiment with a four-sector mass spectrometer.
Palmitic and stearic acid, the saturated acids, yield a series of positive ion clusters whose principal masses ace rn/z of 97, 85, 71, 57, 42 and 29 (Figures la and 2a) . If one onsaturation is present the predominant series of ions is 2 u less than their counterparts for the saturated acids (Figures  1 b, 2b and 2c ). Since the acids studied are unsaturated at the C9 position, this implies that the positive ion products ace associated with the portion of the molecule distal to the carboxylate and it is implied that the double bond may be associated with directing the product ion formation. The involvement of the double bond is further implicated by the results from the analysis of linoleic acid (Figure le). For this acid the ions of m/z of 41 and 55 ace significant just as they were for the monounsatucated acids but the ion of rn/z of 67, which is the base peak, and the ion of mlz of 79 are both 2 u lower in mass than the principal ions in the respective clusters for the monounsaturated acids. Although the evidence implicates the double bond in the formation of the principal series of ions for the unsaturated acids, the fact ion clusters are formed and that saturated acids undergo charge reversal processes indicates multiple fragmentation paths· may be involved. The ions of rn/z of 43, 57, 71, and 85 which are the dominant series for the saturated acids most likely correspond to alkyl fragments with 3, 4, 5 and 6 carbons, respectively. This implies, but does not require, they are formed at the distal terminus of the acid. Such species could be formed by a variation of charge-remote fragmentation proposed by WYSOCKI and Ross who postulated loss of alkyl radicals by homolytic cleavages of the distal portion of the chain of fatty acids (18) . Charge-remote fragmentation, as it was originally observed, is characterized by the apparent loss of neutral alkanes preferentially from the distal portion of longchained compounds which have undergone collisions with a noble gas in an MS/MS experiment (16) . The initial mechanism proposed was that the fragmentation proceeds via a 6-membered ring transition state leading to the loss of H 2 and neutral alkenes. If a similar mechanism were operative in the charge-reversal process, then the positive ion product ions might very likely be associated with the transition state or the proposed alkene products. Indeed the series of ions of rn/z of 41, 55, 69, and 83 reflecting one unsaturation are present in noteworthy abundance in the palmitic and stearic acid spectra. .
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. Further support of the concept that multiple mechanisms with some similarity to charge remote fragmentation are involved in the charge reversal product formation is provided in recent neutralization-reionization mass spectral analysis of the (M -H)-ion of palmitic acid by WES-DEMIOTIS et al. (19) . This analysis which permitted ionization of neutral fragmentation products of the collision process yielded the principal series of ions of m/z of 27, 41, 55 and 69 which correspond to the secondary ion series of ions in the charge reversal experiments with palmitic acid. The neutralization reionization results are consistent with the original mechanism proposed for charge remote fragmentation. However the apparent absence of the higher mass series of ions in the neutralization-reionization experiment indicated that additional processes are involved in the charge reversal reactions. The shorter-chained monounsaturated fatty acids of trans-2-hexanoic, trans-6-heptenoic, trans-2-octenoic and undecylenic acid yielded spectra very similar to those for the C-18 and C-16 monounsaturated acids. The fact that the major ions are the same even though the double bond position is near the carboxylate for the hexenoic and octenoic acids, mid-chain for the C-18 and C-16 acids and in the terminal position for the heptenoic and undecylenic acids implies that the interaction of the double bond with the carbons of the chain is more significant than the relationship of the double bond and the carboxylate to formation of the principal charge-reversal product ions .. Formation of a common transition state entity which includes the double-bond and several carbons of the chain might account for the high degree of similarity of charge-reversal product ions for such a range of carboxylate anion parents. Some subtle differences do occur in the spectra but they are minor and need to be evaluated with further experimentation. Since a double bond, if present, seems to be a dominant factor in directing product ion formation, cis and trans isomers were examined for the monounsaturated C-16 and C-18 acids. As Figure 2 shows and the insets emphasize, no differences were noted in the spectra of the cis trans isomer pair of palmitoleic and palmiteladic acids. However for eladic acid and oleic acid, which have a longer chain after the double bond, subtle differences were noted in the relative abundances of the higher mass ion clusters. Thus unlike the case for the carboxylate anion product ion spectra in which cis and trans isomers may be distinguished from the 4-sector anion product ion spectra, cis trans distinction for monounsaturated acids in charge reversal spectra, if possible, is apparently limited to specific examples (17) . The results from the charge reversal analysis of the fatty acid anions show that charge reversal is not a simple process and that it can not be explained by conventional mass spectrometry interpretations or by simple application of 100 proposed mechanisms for collision processes. However, the fact that the products are formed by collision of preformed ions with neutrals is certainly analogous to processes which might occur in the smoke aerosol and hence the propensity of classes of molecules associated with tobacco and casing chemistry to be involved in these types of reactions is pertinent. The positive product ion charge reversal spectra of glucose and fructose (M-H)-anions are shown in Figure  3 . Although the general appearance of the positive ion product spectra with major clusters of ions below 100 u is like the spectra for the acids, the masses of the ions in the clusters are distinctive for the sugars. The ion of m/z of 31 most likely has the formula of CH 3 0 and the ion of m/z of 61 may be formally assigned as ~H 5 0 2 • This is panicularly interesting as ions which reflect the losses of 30 u and 60 u are the third and fourth, respectively, most abundant ions in the (M-H)-anion product spectrum of the fructose anion. Thus it is possible that the ions of m/z of 31 and 61 of the charge reversal spectra are related to these apparent neutral losses of the anion product spectrum. The inset in Figure 3a shows the unit resolution of the product ions and their substantial abundance with respect to background. Charge-reversal is not limited to positive product ions from anion precursors. Negative ion products may be 
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.l l j L~ attachment than the alcohol functionality, then the charge-reversal spectra might be associated with one of the alternative forms of lithiated species which are only minor contributors to the positive ion spectra. Background signal is more apparent in the solanesol spectrum than in the previous examples which suggests that the ion abundances are much less than for the previous examples. This is consistent with the hypothesis of multiple sites of lithium attachment. The humectants propylene glycol and glycerol are especially interesting candidates for charge reversal analysis as both may be readily desorbed by F AB as positive or negative ions. As Figure 5 shows product charge-reversal data above implies that H 2 loss is a facile process for propylene glycol but not glycerol, perhaps the ability to lose H 2 is the key factor to initiate formation of the anion products. This would account for the presence of propylene glycol anion products and absence of glycerol products.
SUMMARY
The propensity of ions to undergo charge-reversal chargetransfer processes can be examined in a facile manner using a four sector tandem mass spectrometer with MS I and MS IT operated in reverse polarities and collision with helium gas at the interface between MS I and MS IT. That a number of compounds of interest in smoke chemistry can undergo such reactions as established in this work is significant. While it may be argued that the reactions were observed in a mass spectrometer, the fact that all parent ions examined were closed-shell ions which were desorbed intact and were not generated in an electron beam does make them arialogous to ionized species that would be present in smoke aersol. Certainly the charge reversal data provides unique information and although the processes that are occurring can not be fully explained at present, consideration of these processes does provide the potential for new insights into the complex reactions associated with smoke chemistry.
